Introduction
Ecology is the scientific study concerned with the relationship between organisms and their past, present, and future environments. These relationships include the physiological responses of individuals, the structure and dynamics of populations, the interactions among species, the organisation of biological communities, and the processing of energy and matter in ecosystems. Unlike many other disciplines, in ecology the issues are similar across the world, encouraging comparative studies and the participation of an international community of researchers.
Bibliometrics (biblion meaning "book" and metricus meaning "measurement") is a quantitative method of study concerned primarily with the analysis and description of literature. Its task, immodestly enough, is to provide evolutionary models of science, technology, and scholarship (Egghe 1988: 179) . Pritchard (1969: 348) states that bibliometrics deals with the application of mathematics and statistical methods to books and other media of communication. Researchers may use these methods of evaluation to determine the influence of a single writer or to describe the relationship between two or more writers or their works. In the present study, an attempt has been made to study the publication trends in the field of ecology over a ten-year period, by using bibliometric analysis of a leading journal in the domain.
Ecology (ISSN 0012-9658) is a monthly journal published by the Ecological Society of America, Washington DC. Ecology publishes essays and articles that report and interpret the results of original scientific research in basic and applied ecology. The journal publishes a broad array of research in this rapidly-expanding field, covering techniques, approaches, and concepts.
Literature review
A considerable number of studies have been carried out to explore individual journal publications and literature on specific subject areas:
Liu, Kong and Duan (2011) analysed twelve Chinese mainstream ecological journals' publishing index, citation index and internet reach, and grouped the journals. They stressed that the Chinese ecological journals should make up a communitya digital journal aggregation. Prozesky and Boshoff (2012) attempted to analyse gender-related factors in research performance within the field of invasion ecology. Their investigation was based on journals included in the Thomson Reuters Web of Science from 1990 to 2002, focusing on South African science. Narang and Kumar (2010) conducted a bibliometric analysis of 4,798 citations appended to 400 articles in the Indian Journal of Pure and Applied Mathematics from 2003 to 2007. Results indicated a decrease in the number of contributions in successive volumes and that most citations were from journals. Mohamed, Nagarajan and Jothi (2011) discussed authorship trends and 1. Saravanan Govindaradjou is a librarian at the French Institute of Pondicherry, India, and a PhD scholar in the Department of Library and Information Science, Karpagam University, India. 2. Dominic John is the University Librarian, Karunya University, India. collaborative research in the field of agricultural extension in the Journal of Extension System during the period 2000-2009. The results showed that multi-authored papers outnumbered single-authored papers. Sevukan and Sharma (2008) presented a detailed analysis of research performances of biotechnology faculties in Central Universities of India from 1997 to 2006. The results indicated that twin-authored publications dominated and validated the applicability of Lotka's Law. However, the application of Bradford's Law did not fit in to the literature analysed. Thanuskodi and Venkatalakshmi (2010) studied the growth and development of research on ecology in India through Web of Science publications from 1990 to 2006. Their results indicated that 80% of contributions were multi-authored. Aswathy and Gopikuttan (2012) analysed 780 papers from five volumes in the Journal of Spacecraft and Rockets during 2006-2010, finding that, in terms of publications, the United States of America (USA) had the biggest share of papers. India occupied seventh position, with the most contributions coming from its universities.
Objectives
The primary objective of this study was to quantify and assess the research performance of the journal Ecology by analysing its publication output during a period of ten years (2003 to 2012) using bibliometric indicators. We also aimed to study the applicability of Lotka's Law. Other objectives were to explore the h-index, highly cited publications, the impact of cited references and journals, and various collaborative issues over the ten-year period.
Method and materials
The data presented in this paper have been retrieved from the Science Citation Index Expanded, accessed via Web of Science, published by Thomson Reuters. The keyword "ecology" has been used as the search term in the field of "publication name" and the time period was limited to 2003 to 2012 (ten years). 3,359 papers from Ecology were retrieved. Microsoft Office Excel and Microsoft Office Word were used to analyse the final data collected in order to generate tables, charts, and graphs.
Data analysis and interpretation
In this paper, various statistical techniques are used for our analysis.
A total of 3,359 papers were included in five document types during the ten-year study period, comprising 3,119 (92.86%) articles and 147 (4.38%) editorial pieces. Less significant, were fifty reviews (1.49%), forty-two corrections (1.25%) and one reprint (0.03%).
Growth of Ecology literature from 2003 to 2012
During the period 2003-2012, the journal Ecology published 3,359 publications with an average of 279.92 publications per year. Fluctuations in publication patterns of ecology literature were noticed throughout the period of study. However, the highest number of publications was recorded in 2010 (387 papers; 11.52% of total publications in the ten-year period) while the lowest was in the year 2011 (240 papers; 7.14% of total publications in this period).
Relative Growth Rate and Doubling Time of Publications
Relative Growth Rate is the increase in the number of publications / pages per unit of time. The growth rate of total publications in Ecology has been calculated on the basis of Relative Growth Rate (RGR) and Doubling Time (DT) model developed by Mahapatra (1985) . Mathematical representation of the mean Relative Growth Rate of articles over a specific period is derived by the following formula: There exists a direct relationship between the Relative Growth Rate and Doubling Time. If the number of publications / pages of subject doubles during a given period, then the difference between the logarithms of the numbers at the beginning and at the end of the period must be the logarithms of the number 2. If one uses natural logarithms, this difference has the value of 0.693. Thus, the corresponding Doubling Time for publications and pages can be calculated by the following formula: = Here, DT(p) and DT(c) are the average Doubling Time for articles and citations respectively. The RGR and DT are used to express the nature of growth of knowledge. The Relative Growth Rate and Doubling Time of publications were derived and are presented in Table 1 . It can be noticed that the Relative Growth Rate of publications decreased from 0.72 in 2004 to 0.09 in 2012. The mean relative growth for the first four years (2004 to 2007) was higher than during the last five years (2008 to 2012). At the same time, the corresponding Doubling Time for different years gradually increased from 2004 to 2012. The mean Doubling Time for the first four years (i.e. 2004 to 2007) was only 1.63 which increased to 7.62 during the last five years (2008 to 2012). As the rate of growth of publication decreased, the corresponding Doubling Time increased. It could be deduced that in general there is a progressive increase in the number of publications for the study period. However, the Relative Growth Rate shows a downward trend which means the rate of increase is proportionately low, and this is highlighted by the Doubling Time for publications, which is higher than the Relative Growth Rate.
The mean relative growth of ecology literature has shown a declining trend. Consequently, mean Doubling Time has increased. These trends may be due to the communication pattern of ecologists. Many ecological communications may not appear in the form of journal articles, the primary source of materials for the abstracting journals.
Authorship pattern and Collaborative Coefficient
It can be seen in Table 2 that most of the papers investigated were multi-authored (87%). 
CC ,
where fj is the number of j-author papers published in a discipline during a certain period of time; N is the total number of papers published in a discipline during a certain period of time; and j is the greatest number of authors per paper in a discipline. Based on the data presented in Table 2 , the Collaborative Coefficient (CC) was calculated .The calculated value of CC for the study period does not vary much over the years. The value of CC is lowest (0.14) for 2003 and highest (0.30) for 2012. The CC usually will be between 0 and 1; if it is near 1, it is assumed that the collaboration is high and if it is near 0 it indicates less collaboration. This again indicates that the researchers in the field of ecology during the study period have been fairly collaborative.
Author productivity
Lotka's Law (Lotka 1926 ) is one of the three classic laws of bibliometrics and deals with the frequency of publication by authors in any given field. The generalised form of Lotka's Law can be expressed as
where y is the number of authors with x articles, the exponent n and constant k are parameters to be estimated from a given set of author productivity data.
The value of exponent n is calculated by the least-squares method described by Pao (1985) using the following formula: The value of k, which is the theoretical number of authors with a single article, is determined from the following formula: The productivity of the paper contribution of the journal Ecology was verified to be in conformity with Lotka's inverse square law using Pao's method, to know the values of n and C.
Here n is substituted with the value 2.23 and k is calculated as 0.68 using the equation, while p is assumed to be 20. By replacing the values of n and k, the difference is calculated (Table 3) . Here D is the minimum and hence the present data set is in conformity with Lotka's Law. From the table it is clear that the maximum absolute difference value D max which represents the maximum deviation is identified as 0.056. The table value or critical value of D in the Kolmogrov-Smirnov (K-S) test at 0.05 level of significance is 0.016. While the calculated value of D, 0.056, is less compared to the table value 0.019, it is clear that the calculated value of D falls within the critical value of D. Thus, the distribution of author productivity of the present data set confirms Lotka's Law. Table 4 lists the most productive authors in the overall field of ecology and their h-index values while Table 4a depicts prolific authors who have produced more than 13 papers in the journal Ecology during the period of study. Their h-index values are also listed. The h-index is an index that quantifies both the actual scientific productivity and the apparent scientific impact of a scientist. The index is based on the set of most-cited papers of a scientist and the number of citations that such a set of papers has received in other publications. Hirsch (2005) postulates that A scientist has an index h if h of his or her Np papers has at least h citations each and the other (Nph) papers have less than h citations each. The value of h is equal to the number of papers (N) in the list that have N or more citations.
Prolific authors in Ecology
To identify the h-index values of the prominent authors, we used the ''create citation report'' tool of the Web of Knowledge database. The information relating to the ''sum of the times cited'', "sum of times cited without self-citations", "citing articles", "citing articles without self-citations", ''average citations per item'', and ''h-index'' were noted down.
VOSviewer is primarily intended to be used for analysing bibliometric networks. The program can, for instance, be used to create maps of publications, authors, or journals based on a co-citation network and also to create maps of keywords based on a co-occurrence network. VOSviewer (version 1.5.4) (http://www.vosviewer.com/), a freely available computer program is used for constructing distance-based maps based on co-occurrence data. VOSviewer has been written in the Java programming language and runs on most hardware and operating system platforms (van Eck and Waltman 2010).
Figure 1 Label view of VOSviewer of bibliographical coupling of authors in Ecology
For the study period, we employed VOSviewer to analyse the publications in the journal (Figure 1 ). With the fractional counting method, documents with more than five authors were selected. Of the 7,253 authors, 278 met the threshold. For each of the 278 authors, the number of bibliographic coupling links was calculated. The authors with the largest number of links (277 items) were connected in fourteen clusters with different colours. In the label view, 277 items are indicated both by their label and by a circle. For each item, the font size of the item's label and the size of the item's circle vary depending on the weight of the item. If items have been assigned to clusters, the colour of the circle of an item can be determined by the cluster to which the item belongs. This clearly shows the most prolific authors, among them A.A. Agrawal, J.D. Nichols, and A.R. Ives.
Organisation-wise distribution
There were 1,483 organisations or institutions involved in publications in the journal during 2003-2012. Of the 1,483 institutions, 816 (55.02%) contributed single-institutional publications and the remaining 667 (44.98%) contributed interinstitutionally collaborated publications. The performance of the top fifteen most productive institutions was examined and is presented in Table 5 . Of the top fifteen most productive institutions, fourteen are in the USA and one in Canada. Universities remain the dominant contributors in Ecology. VOSviewer constructs a map based on a co-occurrence matrix. The construction of a map is a process that consists of three steps. In the first step, a similarity matrix is calculated based on the co-occurrence matrix. In the second step, a map is constructed by applying the VOS mapping technique to the similarity matrix. And finally, in the third step, the map is translated, rotated, and reflected (van Eck and Waltman 2010).
Figure 2 Label view of VOSviewer of bibliographical coupling of organisations in Ecology
The output file from VOSviewer (Figure 2) is a map based on a network of bibliographic couplings according to organisation With the fractional counting method, more than five documents of organisations were selected. Of the 1,483 organisations, 314 items met the threshold. For each of the 314 organisations, the number of bibliographic coupling links was calculated. The organisations with the largest number of links (314 items) were connected in thirteen clusters with colours (blue, green and red). These clusters are collaboration clusters in terms of the number of publications produced jointly. In the label view, 314 items are indicated by a label and by a circle. In the figure, different colour-coded regions show different clusters. Colours indicate the clusters to which an organisation is assigned. The thirteen clusters correspond to 314 organisations which produced more than five documents in the research period. Table 6 shows the details of the thirteen collaboration clusters and the colour coding details. VOS mapping technique is to minimise a weighted sum of the squared Euclidean distances between all pairs of items. The higher the similarity between two items, the higher the weight of their squared distance in the summation. The distance based measurement stratifies different clusters here based on the publication number occurring as a pair. The map clearly depicts the most prolific organisations.
Geographical distribution of contributors
Country-wise distribution of the authors (Table 7) indicates that most of the papers were contributed by USA, followed by Canada and England. Being the originating country, and host to more scientific institutions, it is not surprising that the USA was the top contributing country. 
Most highly cited papers of journal Ecology in 2003
The bibliographic details of highly-cited papers for the year of commencement of the study, 2003, for Ecology are listed in Appendix 1. Fourteen of the most cited papers of 2003 originated from the USA (seven), followed by Canada (three), New Zealand (two), Sweden (one) and South Africa (one). The highest cited papers from South Africa for the study period are provided in Appendix 2.
Growth of cited references in the journal Ecology
Citations and references are the backbone of any article. Supporting the content of a manuscript with proper references plays an important role in its reliability. The annual distribution of cited references (Table 8 ) reveals that the highest cited references were in the year 2010, followed by 2008, while the lowest were in the year 2011. Impact Factor (IF) is calculated and published in the Journal Citation Reports brought out by Thomson Reuters, providing a practical tool for evaluating scientific production. The journal impact factor is a measure of the frequency with which the "average article" in a journal has been cited in a particular year. It measures the number of citations given in a journal in the previous year to the citable items published in the two years prior, divided by citable items published in the two prior years (Garfield 1976 The IF for the study period was sourced from Web of Knowledge in the Journal Citation Reports (JCR) from 2004 to 2012 (Table 8) .
Results and discussion
The total number of articles published in Ecology available in Web of Science was 3,359 for 2003-2012. The majority of papers appeared in the year 2010 (387 papers). The h-index of the most prolific author, A.A. Agrawal, with 22 papers, was found to be thirteen. The authorship pattern showed that most papers were multiple-authored (three to six authors) (1,783 papers, 53.08). This number may be compared to single-author papers (410 papers, 12.21%). In the distribution of articles according to country, the USA occupies the first place with 2,188 articles (65.13%). The University of California at Davis contributed the most, ranking first according to institution, with 182 papers (5.41%).
Though this study considered only one journal in the vast field of ecology for bibliometric studies, the journal Ecology is recognised as a leading journal, given its high impact factor and popularity. It can be argued that the patterns discerned from this study therefore might well be reflective of the emerging trends in the discipline of ecology. It will be interesting to classify the broad issues addressed in the journal and study their trends over a period of time.
Conclusion
The present work has taken up a detailed analysis of the journal Ecology over a ten-year period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The work provides a reasonable glimpse of the field of ecology, using a reputed journal indicating the direction in which the discipline is going. It is heartening to note that in this scientific discipline, researchers from across the world have shown a strong inclination towards collaborative research which is significant in the present-day context. It will be interesting to replicate this work in a few years from now to observe the changes in the discipline. We are grateful to Mr. S. Prasad, French Institute of Pondicherry, Pondicherry for his valuable suggestions. We would like to thank the Editor of SAJLIS and two anonymous reviewers for their valuable and fruitful comments on the earlier version of the manuscript. 
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